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Description 

^JZTS inV6nti0n relat6S generally t0 1,16 reinforc «nent of hollow structural members and more specifV 
caHydeate with reinforcement of structures having enclosed regions that present special access problems 
[0002] In recent years a number of factors have necessitated fundamental changes In the approach to automotive 
structure des-gn. These indude the need to meet ever-increasing impact resistance and fuel economy standaZanS 

^odds^onlTnlTr^ 'J'? Vehide 8 9l0ba ' marketp,ace - * me *< ,he8e requirement are seemingly 
at odds with one anojer. For example, impact resistance can in most cases be achieved simply by increasing steel 

i ZT^^H^?*^*"" 3 * S,6eb - 77,656 appr0acheS - h0Wever " 9^!SLL vehide 125 
™ i i " 9htWe l W f6S,nS are availab,e which <*" 08 used ,0 ™ e"tire hollow cavities of structural mem- 
oes veSe ST mate,ialS ^ eXP6nSiV6 ^ **" ** " Se h 9reat quantWes ""desirably^ 

inV6nt0f h3S Pi0n66r6d 8 n0Ve ' W 10 "* to 8,ructuraJ P firt Enforcement through localized reln- 
wSfh re !l 0nS US ' n9 miCT0S P here - filled formally expandable resins, such as: a composite door beam 

which has a resin-based core that occupies not more than one-third of the bore of a metal tube; a hollow laminae 
beam characterized by high stiffness-to-mass ratio and having an outer portion which is separated An SSSJS 
by a thin layer of structural foam, a W-shaped earner insert reinforcement which carries aWn ho5?uSh S£ 

SUfl^T' f bUlkh6 , ad MtaeS 6 th6rmal * expandab,e ,oam ,0 P rovide iorr^ent o a 

rail for the attachment of an engine cradle or the Dke. 

[0004] Although these techniques are well suited for a number of applications, there exists a need for localized 

Z^Z . 01 S^""? 8 SpeCial 800688 P rob,em8 - More 8 P«*>«%. I" a number of hollow stnSuVa pa* Te 
member has an enclosed region or space which is located some distance from the opening of the space and Is dfflcu! 
to reach due to a curvature or bend in the member. In some instances the membeTand L channel^ tt deflnes 
have an irregutar geometry that makes access to a particular internal region difficult. Of course, in scTe"naar^ 
may be possible to simply fill the entire structure with a liquid resin which is then cured, but as sZa aDovTmte 
approach may be prohibitively expense in a number of applications 

E2L in P ° 1 06 f °i de f! n ' bes a m «hod for introducing a foaming agent into a porous reinforcing structural member 
ocated in an enclosed secuon A hole Is bored Into the body and a foaming agent poured In. The subject-TatTof 
this document foims the basis for the preamble of claim 28 auojew-nianer or 

£?Sh WO93/0S103 discloses strengthening a hollow member by inserting a foam precursor means within the mem- 
ber and thereafter heating the structure. A heat sink formed from a length of light gauge steel tubing carrying a liouW 
foam precursor mixture in an envelope Is located In a fixed position withS the hollow mlmber. iSSSSSlSll 
a structural reinforcement member according to the preamble of claims 1 and 20 °°cumem aiscioses 

J2 21 ln Acc °; din9ly ' * ere is a , ne , ed ,or an alternative method of providing localized reinforcement of such parts. The 
present invention provides a solution to this problem. 

222 f^r"" 9 ^ '" St . a ! P6Ct ° f ,h6 Pre86nt inVenti0 " 106,8 18 provlded a reinforcement member com- 

r efl Tor e Xtol6 f m6 t er ' WhiCh b6ndS 88 pr6S8Ure b app,ied 8ucn that tt "» be fed '"to a hollow structural part ha^ 
a cavity of non-straight linear geometry and go through at least one bend, having a length greater than its diametei Tor 
width characterised ,n that at least a portion of an external surface of said length of sS Libia m^r ^e e^ 
membeT^ " * ^ ex P andabte °end with the flexible member a. pressure Is applied to IhVSe 

[0009] It is a further object of the present invention to provide a method of introducing a localized resin reinforcement 
In a structural part where the region to be reinforced is beyond a curvature in a channel reimofcemem 
[0010] It is still a further object of the present invention to provide a method of centralizing a resin reinforcement in 
a noiiow structural part in a region which is difficult to 

S,™.^?? ? 8 S6C0n< l 889601 ° f th6 Pr686nt inV6ntion tnere fe P rovided 8 method of reinforcing a hollow 

SSSE/TS? T Str8i9ht " n6ar 9e ° m6t,y and at ,6ast one bend reinforcement at said bend 

characterised in that it comprises the steps of: 

inserting a flexible member into the cavity of said hollow structural part 

-nS ^ feedl " 9 Tl W6Xib , ,e memb6r tnr ° Ugn **** unt " the amendable resin is located at the bend; and 
expanding the expandable resin such thatthe expandable resin is bonded tosaid hollow structural partatthebeTd 

2 , l " 0 " e a mbod "nent the present invention provides a method of reinforcing a part in a localized region. The 

ZSHZSZ 2 "I 9 8 fleXto ' e memb6f h8Vln9 8 l6n9tn 8UDStantla "y * a " "a wavering 

at least a portion of the flexible member with a thermally expandable resin; and inserting the flexible member Into the 

JTSf 8 Z*Th « TJH* inS6rti ° n Step includes *• of be " di ng *e flextole member to accc!Wda^ 
the geometry of the part cavity. The resin is then thermally expanded such that the resin is bonded tolSe^ZS 
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part. In this manner, localized reinforcement can be achieved for any number of parts whose internal geometry would 
make it difficult or impossible to reinforce using conventional techniques. 

[001 3] According to a third aspect of the present invention there is a reinforced hollow rigid structural part having an 
elongated cavity of non straight linear geometry and at least one bend said hollow structural part being reinforced at 

5 said bend by an expanded resin which is a structural foam expanded Into Intimate contact with and bonded to said 
hollow structural part at the bend said reinforced hollow structural part being characterised in that a flexible member 
runs longitudinally through the cavity of said hollow structural part and the expanded resin at the bend. 
[0014] In one embodiment, the flexible member Is a tube around which the resin is applied as a layer or coating. The 
resln-coated tube is then inserted in the structural part and bends as pressure is applied such that it can be fed into 

10 the part cavity, i.e. it conforms to the desired shape as it is inserted into the part. 

[0015] In one embodiment, the resin includes a blowing agent and glass microspheres. After the flexible member is 
in place in the part, the part is heated, for example after installation in a motor vehicle, to a temperature sufficient to 
activate the blowing agent and thermally expand the resin. As the resin expands It bonds to the inner walls of the part 
forming a tube-in-tube type structure with high strength characteristics. 

15 [0016] In one embodiment, the thermally expanded resin includes, in parts by weight, from about 40% to about 80% 
resin, from about 10% to about 50% microspheres, from about 0.5% to about 5% blowing agent, from about 1% to 
about 15% filler, from about 0.5% to about 2% accelerator and from about 1% to about 8% curing agent 
[001 7] In still another embodiment, the flexible member includes one or more stand-offs which space it from the inner 
walls of the structural part 

20 [0018] These and other aspects, features and objects of the invention will be more fully described in the following 
detailed description of the preferred embodiments of the invention with reference to the drawings. 

Figure 1 illustrates a resin support tube used in the method of the present invention. 

Figure 2 illustrates a side elevatfonal view partly in section showing the position of the unexpended resin on the 
23 resin support tube. 

Figure 3 illustrates another resin support tube with a covering of unexpended resin. 

Figure 4 depicts a curved structural member In cross-section to reveal the resin support tube in position prior to 
expansion of the resin. 

Figure 5 depicts the curved structural member of Figure 4 In cross-section, revealing the expanded resin forming 
30 an internal reinforcement. 

Figure 6 is a front view of a resin support tube having radial stand-offs for use in the present invention. 
Figure 7 is an end view of the support tube of Figure 6 in the direction of arrow 7-7. 

Figure 8 depicts a curved structural member in cross-section, revealing the unexpanded resin and the placement 
of the stand-offs. 

33 

[001 9] Referring to Figures 1 and 2 of the drawings, flexible member or tube 20 Is shown which serves as a support 
for unexpanded resin sheath 22. Flexible member 20 is most preferably a hollow tube similar to that used as a conduit 
for electrical wiring 23. Various flexible conduits will be known to those skilled In the art. One particular preferred flexible 
conduit Is a metallic spiral tube which can be flexed without metal deformation due to its spiral construction. Of course, 
it may not be necessary for tube 20 to be round In cross section and other configurations such as square or oval may 
be suitable. Where flexible member 20 is a hollow metal tube it will typically be formed of aluminum and will preferably 
have a wall thickness of from about .5 to about 1 .2 mm. The diameter of tube 20 will vary depending upon the application, 
but will typically be from about 8 to about 40 mm and will typically have a length of from about 50 to about 800 and 
preferably 200 mm in most automotive applications. In some applications, tube 20 will be deformed beyond its elastic 
4* limit during placement in the structure to be reinforced. In addition, in some applications a more elastic tube or rod can 
be used which is essentially spring biased in position in the structural cavity. Although hollow tube 20 is most preferred, 
particularly since it provides a lightweight structure, solid rods may also be used. It may be desirable to use plastic 
rods or tubes, rather than metal, as tube 20 In some applications. 

[0020] The length of tube 20 is a function of the distance to the site to be reinforced from the cavity opening. The 
so length of tube 20 is greater than its diameter or width and in many applications tube 20 will be preferably at least 5 
times or may be 20 times and often more than 1 00 times longer than its diameter in cross section. In many applications, 
tube 20 will have a length of from about 50 to about 200 mm. Also, in some applications, it may be desirable to cover 
substantially all of tube 20a, shown as a spiral conduit in Figure 3, with resin sheath 22a. 

[0021] Resin sheath 22 in most applications will be a layer extending around the entire outer surface of tube 20 and 
S3 will usually be of relatively uniform thickness, for example from about 2 to about 6 mm, in the unexpanded state. Resin 
sheath 22 can be prepared by die cutting a sheet of resin to the requisite geometry and the wrapping the pre-cut sheet 
around tube 20. Alternatively, the coating may be molded on the carrier, although it may be possible to use other forms 
of coating, such as by spraying or the like. 
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compositions impart excellent ^e nj S Sd if 2," *' PreS8nt ' nVent,0n - The P^ed 

specific reference now to the cor^Son oflTeeS TTTlT* am * tta ' to *• ^ 

includes a synthetic resin, a cef-forrrlno S ^^^^^^ ****** f08m 01 8heath 22 

80 percent by weight, preferably S^iSS^i^r T ^ 40 pw " rt t0 81,01,1 

SO percent to about 70 percent by weiaht of ah£h£ • 2. 7 . u! y e ' 9ht " and most P refera bly from about 

agent, it constitutes from about 0.5 percent to about s o « a 8 ent «™Pnses a blowing 

the p,»« dte*™,. taSSSSSH * »»» aldlad In «» «, h»a „, 

provides a material which fully axpanda in^iaTa aEn^^S*!! 5" ^ n '™" d »« "^"nidation 
prepay. „ parage. A. SS^TSSSgaST 



INGREDIENT 

EPON 828 (epoxy resin) 
PER 331 (flexible epoxy resin 
DI-CY (dlcyandlamid e curing agent) 
IMIDIZOLE (accelerator) 
FUMED SILICA (tht xotropic filler) 
CELOGEN (HTM) AZ199 (azodlcarfaonamide blowing ao^fi 
B38 MICROS (glass m icrospheres) 
WINNOFIL (RTM) CALCIUM CARBONATE (CaCO, fjlterj 



PERCENTAGE BY WEIGHT 



0.8 



[0026] Referring now to Rgure 4 of the drawings, structura. part 24 is seen in cross section and defines cavf* 26. 
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For the purpose of Illustration only, structural part 24 Is shown here as a portion of an automotive roll bar. Other preferred 
applications are for use in reinforcing top A-pillar joints and seat frames. Structural part 24 has an arcuate or curved 
portion 28 which defines an arcuate portion 30 of cavity 26. Cavities similar to cavity 26, I.e. those which are difficult 
to access, are the focus of the present invention. Flexible tube 20 is shown in position in cavity 26 prior to thermal 

5 expansion of the resin. Tube 20 is bent to conform to the shape of cavity 26. This shaping operation is preferably 
performed in place. In other words, flexible tube 20, having resin sheath 22 positioned at a preselected location relative 
to the ends of tube 20, in Inserted into cavity 26. As force is applied to tube 20 It moves farther through the passage. 
As it encounters resistance from the inner walls 32, flexible tube 20 bends, thereby "snaking - its way through cavity 
26, including beyond arcuate portion 30. Alternatively, it may be possible in some applications to bend tube 20 to a 

10 conforming geometry prior to inserting it into cavity 26. Flexible tube 20 is inserted a distance sufficient to bring resin 
sheath 22 into position at arcuate portion 28. Once in position, outer end 34 of tube 20 is clamped into position relative 
to tube 20 with a clamp (not shown) or otherwise fixed in position, if required. 

[0027] The cavity 26 is of non-straight linear geometry which could be more complicated than having simply one 
bend with its arcuate portion such as illustrated in Figure 4. Where there are multiple bends or irregularities a resin 

is sheath 22 could be provided for some or all of these irregularities, this could be done by providing individual spaced 
resin sections or by providing one or more continuous resin sections which are located at two or more bends. 
[0028] Referring now to Figure 5 of the drawings, resin 22 is shown in the expanded state. That Is, once tube 20 and 
resin 22 are in position in structural part 24, the resin is expanded by heating the entire assembly to a temperature 
which activates the blowing agent to expand and cure resin sheath 22. In automotive applications that is typically 

20 achieved as the vehicle moves through the paint oven. Resin 22 expands to several times its original volume, preferably 
at least twice its original volume. The expanded resin contacts and bonds firmly to surrounding walls 32 of structural 
part 24. It also cures to form a rigid reinforcement in part 24. In this manner, a minimum amount of resin Is used at the 
precise location where reinforcement is required. 

[0029] Referring now to Figures 6 and 7 of the drawings, tube 20 is provided with radical stand-off assembly 36 which 
25 has legs 38, typically two to four in number. As seen in Figure 8, stand-off assembly 36 serves the function of generally 
centering tube 20 in structural part 24. It may be preferable to make legs 38 somewhat resilient, i.e. it may be desirable 
to allow legs 38 to flex inwardly as tube 20 Is Inserted into cavity 26. 

[0030] While the invention has been descrfoed primarily in connection with automotive or vehicle parts, it is to be 
understood that the invention may be practiced as part of other products, such as aircrafts, ships, bicycles or virtually 

30 anything that requires energy for movement Similarly, the invention may be used with stationary or static structures, 
such as buildings, to provide a rigid support when subjected to vibration such as from an earthquake ro simply to 
provide a lightweight support for structures subjected to loads. Additionally, while the invention has been described 
primarily with respect to heat expandable foams and with respect to metal parts such as the structural part and the 
flexible member, other materials can be used. For example, the foam could be any suitable known expandable foam 

55 which is chemically activated into expansion and forms a rigid structural foam. The flexible member could be made of 
materials other than metal such as various plastics or polymeric materials or various wood type fibrous materials having 
sufficient rigidity to function as a back drop or support for the foam. Where a heat expandable foam is used the flexible 
member should be able to withstand the heat encountered during the heat curing. Where other types of foam materials 
are used, however, it is not necessary that the flexible member be able to withstand high temperatures. Instead, the 

40 basic requirement for the flexible member is that it have sufficient rigidity to function in its intended manner. It Is also 
possible, for example, to use as the flexible member materials which in themselves be come rigid upon curing or further 
treatment. The invention may also be practiced where the structural part is made of materials other than metal. It Is 
preferred, however, that materials be selected for the structural part and flexible member, as well as the foam, so that 
the thin unexpanded foam upon expansion forms a strong bond with the structural part and flexible member, so that a 

45 structural composition will result. 

[0031] While particular embodiments of this invention are shown and described herein, it will be understood, of 
course, that the invention is not be limited thereto since many modifications may be made, particularly by those skilled 
in this art, in light of this disclosure. It is contemplated, therefore, by the appended claims, to cover any such modifi- 
cations as fall within the scope of this invention. 

50 

Claims 

1. A structural reinforcement member comprising a flexible member (20), which bends as pressure is applied such 
55 that ft can be fed into a hollow structural part (24) having a cavity (26) of non-straight linear geometry and go 
through at least one bend (28), having a length greater than its diameter or width characterised In that at least 
a portion of an external surface of said length of said flexible member (20) is covered with a layer or coat of an 
expandable resin (22) which will bend with the flexible member as pressure is applied to the flexible member. 
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2. A structuraT reinforcement member as claimed In claim 1 . wherein the length of the flexible member (20) b at least 
five times its diameter or width. 851 

3. A structural reinforcement member as claimed in claim 1 or 2, further comprising a stand-off assembly (36) for 
generally centenng the flexible member (20) In the structural part (24). «*emoiy (ae) for 

4. A structural reinforcement member as claimed In claim 1 , 2 or 3. wherein the flexible member (20) is hollow. 

5 * w S nSo^ in ' 0rcemen, member M Claimed ^ 1 ' 2> 3 ° r 4 ' Wherei " 8ald fleXlbl8 member <2°> has 8 «Pl«" 

6. A structural reinforcement member as claimed in claim 1 .2 or 3, wherein the flexible member (20) is solid. 

7. A structural reinforcement member as claimed in any of the preceding claims, wherein the expandable resin (22) 
is thermally expandable and contains hollow microspheres. ■ ' 

8 " mf 2?r U Sn^"! 0,Ce Tf "IT"** 35 C,aimed any ° f the preced,n 9 cteims ' wherein » e d ^«er of the flexible 
member (20) is from 8 to 40 mm and its length is from 50 to 200mm. 

1 °" th^ofTrom^mT^ " "* * 1,16 PreCed ' n9 "* ™ has a u "»™ 



1 1 . A structural reinforcement member as claimed in claim 4 having a wall thickness of from 0.5 to 1 .2 mm. 

(20) 



12 ' is foStf meteT 08 " 16 " 1 member 88 ° ,aimed ° f precedin 9 daim8 ' *» flexible member 



13. A structural reinforcement member as claimed In claim 12, wherein the metal is aluminium. 

14 * X^^Z^S). member 88 ^ ^ ° f *• PreCedn9 C ' aim8 WhiCh fe s "bstantially covered by 

15. A structural reinforcement member as claimed in any of the preceding claims, wherein the expandable resin (22) 

ElTS? TL", ^ inClUde8, partS by Weiflnt - ,rom 40,6 to B0% from 1 0% to 50% microspheres 
from0.5%to5% blowing agent, from 1% to 15% filler, from 0.5% to 2% accelerator and from 1% to 8% cuiSJaJS 

16 ' illSlS ? 0rc f" ent memb8r 88 cta'med in any of the preceding claims, wherein the resin (22) is thermally 
expandable an I includes in parts by weight. 55% epoxy resin. 4% dfcyandiamide curing agent 0.8% imSe 

SSli 1 ' 2% aZ ° diCaro0nam,de bl0Wi "S 37% glass microspheres, and E££Z 

17 ' tT^,^TZ mX " da i? ied i0 any ° f daimS 1 10 5 or 7 10 1 6 ' wherein flexi »' 8 member (20) is a hollow 
tube with electrical wiring extending longitudinally therein. 

18. A structural reinforcement member as claimed in any of the preceding claims, wherein the expandable resin (22) 
is a die cut sheet which is wrapped around the flexible member or is a coat molded onto the flexible member (20). 

19. A structural reinforcement member as claimed In any of claims 1 to 18 in which the expandable resin (22) is able 

20. A method of re forcing a hollow structural part (24) having a cavity (26) of non straight linear geometry and at 
least one bend (28) with reinforcement (22) at said bend (28) characterised In that ft comprises the sieps of: 

inserting a structural reinforcement member (20) as claimed in any of claims 1 to 1 9 into the cavity (26) of said 
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hollow structural part (24), 

bending and feeding the structural reinforcement member (20) through the cavity (26) until the expandable 
resin (12) is located at the bend (28); and 

expanding the expandable resin such that the expandable resin is bonded to said hollow structural part (24) 
5 at the bend (28). 

21 . The method of reinforcing a part as claimed in claim 20, wherein the part is selected from the group consisting of 
an A-pillar joint, a seat frame and a roll-bar for a motor vehicle. 

10 22. The method of reinforcing a part as claimed in claim 20 or 21 wherein the structural reinforcement member has 
an attached stand-off assembly (36) for spacing the structural reinforcement member from the part inner walls 
prior to the expansion step. 

23. The method of reinforcing a hollow structural part as claimed in any of claims 20 to 22, wherein the structural 
is reinforcement member is inelastically deformed prior to the insertion step, the deformation being such that the 

structural reinforcement member conforms to the geometry of the cavity (26). 

24. The method of reinforcing a hollow structural part as claimed in any of claims 20 to 22, wherein the structural 
reinforcement member is shaped during the insertion step by contact with the hollow structural part (24). 

20 

25. The method of reinforcing a hollow structural part as claimed in any of claims 20 to 24, wherein the structural 
reinforcement member is secured in the hollow structural part (24) prior to the expansion step. 

26. The method of reinforcing a hollow structural part as claimed In any of claims 20 to 25, wherein there are a plurality 
23 of bends, and the resin (22) is located at more than one of the bends. 

27. The method of reinforcing a hollow structural part as claimed in any of claims 20 to 26, wherein the part is a vehicle 
part, the resin (22) is thermally expandable, and the resin is expanded in a vehicle paint oven during a painting step. 

30 28. A reinforced hollow rigid structural part (24) having an elongated cavity (26) of non straight linear geometry and 
at least one bend (28) said hollow structural part being reinforced at said bend (28) by an expanded resin (22) 
which is a structural foam expanded into intimate contact with and bonded to said hollow structural part (24) at the 
bend (28) said reinforced hollow structural part being characterised in that a flexible member (20) runs longitu- 
dinally through the cavity (26) of said hollow structural part (24) and the expanded resin (22) at the bend (28). 

35 

29. A reinforced hollow structural part as claimed in claim 28, wherein said hollow structural part is a vehicle part 
selected from the group consisting of a roll-bar, an A-pillar joint and a seat frame. 

30. A reinforced hollow structural part as claimed in claim 28 or 29, wherein said flexible member (20) is hollow, and 
40 electrical wiring (23) extends longitudinally through said flexible member (20). 

31. A reinforced hollow structural part as claimed in claim 28, 29 or 30 including at least one stand-off assembly (36, 
38) mounted around said flexible member (20) at a location outwardly of said expanded resin (22), said stand-off 
assembly having a plurality of outwardly extending legs (38) in said cavity (26) in resilient contact with an inner 

45 surface of said hollow structural part (24). 



Patentansprflche 

so 1 . Strukturverstirkungselement, das ein fiexibles Element (20) aufweist, welches sich bei AusGben von Druck derart 
verbiegt, dass es in elnen hohlen Strukturteil (24) mit einem Hohlraum (26) nfchtgerader linearer Geometric ein- 
gefuhrt und durch wenigstens eine Krummung (28) hindurchgehen kann, und welches eine groBere L&nge ate 
seinen Durchmesser Oder seine Breite aufweist, dadurch gekennzeichnet, dass wenigstens ein Teil einer Au- 
Benflfiche der genannten Ldnge des genannten flexiblen Elementes (20) mit einer Schicht Oder einem Uberzug 

53 bus einem ausdehnbaren Harz (22) bedeckt ist, das sich mit dem fiexiblen Element bel AusGben von Druck auf 
das flexible Element verbiegen wird. 

2. Strukturverstirkungselement nach Anspruch 1 , bei dem die L&nge des flexiblen Elements (20) wenigstens das 
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funffache seines Durchmessers oder seiner Breite betragt 

3. Strukturverstarkungselement nach Anspruch 1 oder 2, das weiter eine Abstandsbaugruppe (36) zum allcemeinen 
Zentrieren des flexiblen Elements (20) in dem Strukturteil (24) aufweist 

4. Strukturverstarkungselement nach Anspruch 1 , 2 oder 3, bei dem das flexible Element (20) hohl 1st. 

— 

5. Strukturverstarkungselement nach Anspruch 1, 2, 3 oder 4, bei dem das genahnte flexible Element (20) einen 
spiralformigen Aufbau hat. ' 

6. Strukturverstarkungselement nach Anspruch 1 , 2 oder 3, bei dem das flexible Element (20) massiv ist. 

7. Strukturverstarkungselement nach einem der vorhergehenden Anspruche, bei dem der ausdehnbare Harz (22) 
warmeausdehnbar ist und hohle Mikrokugelchen enthalt. 

8. Strukturverstarkungselement nach einem der vorhergehenden Anspruche, bei dem der Durchmesser des flexiblen 
Elements (20) von 8 bis 40 mm und seine LSnge von 50 bis 200 mm betragt 

9. Strukturverstarkungselement nach einem der vorhergehenden Anspruche,- bei dem die Schicht (22) wenigstens 
einen Teil des flexiblen Elements umschlieBt und einkapseft. 

10. Strukturverstarkungselement nach einem der vorhergehenden AnsprQche, bei dem die Schicht (22) eine einheit- 
liche Dicke von 2 bis 8 mm aufweist 

11 . Strukturverstarkungselement nach Anspruch 4, das eine WSanddicke von 0,5 bis 1 ,2 mm aufweist 



aus 



12. Strukturverstarkungselement nach einem der vorhergehenden Anspruche, bei dem das flexible Element (20) 
Metali gebildet ist. ' 

13. Strukturverstarkungselement nach Anspruch 12, bei dem das Metali Aluminium darstellt 

14. Strukturverstarkungselement nach einem der vorhergehenden Anspruche, das Im wesentlichen durch das aus- 
dehnbare Harz (22) bedeckt ist 

15. Strukturverstarkungselement nach einem der vorhergehenden Anspruche, bei dem das ausdehnbare Harz (22) 
warmeausdehnbar ist und in Gewichtstelien von 40% bis 80% Harz, von 1 0% bis 50% MikrokOgelchen, von 0 5% 
bis 5% Treibmittel, von 1 % bis 1 5% Fuilmaterial, von 0,5% bis 2% Beschleuniger und von 1 % bis 8% Hartungsmittel 
umfasst. 

16. Strukturverstarkungselement nach einem der vorhergehenden Anspruche, bei dem das Harz (22) warmeausdehn- 
bar ist und in Gewichtsteilen 55% Epoxidharz, 4% Dicyandiamid-Hartungsmittei, 0,8% Imidizol-Beschleuniger, 
1,1% Kieselpuder, 1 ,2% AzodicarbonamidTreibmittel, 37% Glasmikrokflgelchen und 0,9% Kablumcarbonat-FGII- 
material umfasst 

17. Strukturverstarkungselement nach einem der Anspruche 1 bis 5 oder 7 bis 16, bei dem das flexible Element (20) 
ein hohles Rohr mit sich darin der Lange nach erstreckender Vferdrahtung darstellt. 

18. Strukturverstarkungselement nach einem der vorhergehenden Anspruche, bei dem das ausdehnbare Harz (22) 
eine ausgestanzte Folie darstellt, die urn das flexible Element gewickelt wird, oder ein auf das flexible Element 
(20) gegossener Uberzug ist. 

1 9. Strukturverstarkungselement nach einem der Anspruche 1 bis 1 8, in dem das ausdehnbare Harz (22) einer Tern- 
peratur von etwa 32°C bis 93»C fur ausgedehnte Zeitspannen standhalten kann, ohne im wesentlichen durch 
Warme verursachte Verzerrung oder Verschlechterung zu zeigen. 

20. Verfahren zum Verstarkem eines hohlen Strukturtells (24), der einen Hohlraum (26) nichtgerader linearer Geome- 
tne und wenigstens eine Krummung (28) mit Verstarkung (22) an der genannten Krummung (28) aufweist, dadurch 
gekennzeichnet, dass es die folgenden Schritte aufweist 



• ■ 
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EfnfGhren eines Strukturverstdrkungselements (20) nach einem der AnsprOche 1 bis 1 9 In den Hohlraum (26) 
des genannten hohlen Strukturteils (24), 

Biegen und Fuhren des Strukturverstdrkungselements (20) durch den Hohlraum (26), bis das ausdehnbare 
s Harz (12) an der KrOmmung (28) angeordnet 1st; und 

Ausdehnen des ausdehnbaren Harzes derart, dass das ausdehnbare Harz an den genannten hohlen Struk- 
turteil (24) an der Krummung (28) gebunden wird. 

10 21 . Verfahren zum Verstdrken eines Tells nach Anspruch 20, bei dem der Tell von der Gruppe ausgewdhlt 1st, die aus 
einer A-Pfeilerverblndung, einem Sltzrahmen und einer Rollschiene fur ein Kraftfahrzeug besteht. 

22. Verfahren zum Verstdrken eines Tells nach Anspruch 20 Oder 21 , bei dem das Strukturverstdrkungselement eine 
befestigte Abstandsbaugruppe (36) zum Beabstanden des Strukturverstdrkungselements von der Teilinnenwand 

15 vor dem Ausdehnungsschrftt umfasst. 

23. Verfahren zum Verstdrken eines hohlen Strukturteils nach einem der AnsprOche 20 bis 22, bei dem das Struktur- 
verstdrkungselement unelastisch vor dem Einfuhrungsschritt verformt wird, wobei die Verformung derart 1st, dass 
das Strukturverstdrkungselement der Geometrie des Hohlraums (26) entsprlcht. 

20 

24. Verfahren zum Verstdrken eines hohlen Strukturteils nach einem der AnsprOche 20 bis 22, bei dem das Struktur- 
verstarkungselement wdhrend des EinfOhrungsschritts durch Kontakt mlt dem hohlen Strukturteil (24) get ormt wird. 

25. Verfahren zum Verstdrken eines hohlen Strukturteils nach einem der AnsprOche 20 bis 24, bei dem das Struktur- 
25 verstdrkungselement in dem hohlen Strukturteil (24) vor dem Ausdehnungsschrftt befestigt wird. 

26. Verfahren zum Verstdrken eines hohlen Strukturteils nach einem der AnsprOche 20 bis 25, bei dem eine Anzahl 
von Krummungen vortiegt, und das Harz (22) an mehr als einer der KrOmmungen vorgesehen wird. 

30 27. Verfahren zum Verstdrken eines hohlen Strukturteils nach einem der AnsprOche 20 bis 26, bei dem der Tell einen 
Fahrzeugteil darstellt, das Harz (22) wUrmeausdehnbar ist und das Harz in einem Fahrzeugfarbofen wdhrend 
eines Lackierschritts ausgedehnt wird. 

28. Verstdrkter hohler starrer Strukturteil (24) mlt einem Idnglichen Hohlraum (26) nichtgerader Unearer Geometrie 
33 und wenigstens einer Krummung (28), wobei der genannte hohle Strukturteil an der genannten Krummung (28) 

durch ein ausgedehntes Harz (22) verstdrkt wird, das ein in engen Kontakt mlt dem genannten hohlen Strukturteil 
(24) an der Krummung (28) ausgedehnter und an den seiben gebundener Strukturschaum ist, wobei der genannte 
verstdrkte hohle Strukturteil dadurch gekennzeichnet 1st, dass ein flexibtes Element (20) der Ldnge nach durch 
den Hohlraum (26) des genannten hohlen Strukturteils (24) und des ausgedehnten Harzes (22) an der KrOmmung . 
40 (28) verlduft. 

29. Verstdrkter hohler Strukturteil nach Anspruch 28, bei dem der genannte hohle Strukturteil ein Fahrzeugteil ist, der 
von der Gruppe ausgewdhlt 1st, die aus einer Rollschiene, einer A-Pfeilerverbindung und einem Sltzrahmen aus- 
gewdhlt ist. 

45 

30. Verstdrkter hohler Strukturteil nach Anspruch 28 oder 29, bei dem das genannte flexible Element (20) hohl ist, und 
elektrische Verdrahtung (23) sich der Ldnge nach durch das genannte flexible Element (20) erstreckt. 

31. Verstdrkter hohler Strukturteil nach Anspruch 28, 29 oder 30, der wenigstens eine Abstandsbaugruppe (36, 38) 
so umfasst, die urn das genannte flexible Element (20) herum an einer Steile au3erha(b von dem genannten ausge- 
dehnten Harz (22) angebracht 1st, wobei die genannte Abstandsgruppe eine Anzahl von sich nach auBen erstrek- 
kenden Beinen (38) in dem genannten Hohlraum (26) in fedemdem Kontakt mlt einer Innenfldche des genannten 
hohlen Strukturteils (24) aufweist 

55 

Revendlcatlons 

1. Element de construction de renforcement comprenant un 6l6ment flexible (20) qui fl£chit au fur et d mesure que 
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ta pression est appflquSe, de telle sorte qu'il est possible de I'introdulre dans une piece de construction creuse 
(24) possSdant une cavite (26) de g6om6trie linfeire non rectiiigne et de le faire passer par un coude (28) au 
moins, dont la longueur est supSrieure k son diamfetre ou k sa largeur, caracterise en ce qu'une section au moins 
cfune surface externe de ladrte longueurdudit element flexible (20) est recouverte cfune couche ou (fun rev§tement 
de rtslne expansible (22) qui fiechira avec reiement flexible au fur et * mesure que la pression est appliquee sur 
Peiement flexible. ^ 

2. Element de construction de renforcement, selon la revendication 1 , dans lequel la longueur de reiement flexible 
(20) est au moins egale k cinq fois son diamfctre ou sa largeur. 

3. Element de construction de renforcement, selon la revendication 1 ou 2 t comprenant en outre un ensemble cfScar- 
tement (36) destine k centrer g§n6ralement Peiement flexible (20) dans la piece de construction (24). 

4. Element de construction de renforcement, selon la revendication 1 , 2 ou 3, dans lequel I'6l6ment flexible (20) est 
creux. 

5. Element de construction de renforcement, selon la revendication 1 , 2, 3 ou 4, dans lequel ledit element flexible 
(20) a une construction spiraiee. 

6. Element de construction de renforcement, selon la revendication 1 , 2 ou 3, dans lequel reiement flexible (20) est 
pleln. 

7. Element de construction de renforcement, selon Pune quelconque des revendications pr6c6dentes, dans lequel 
la resine expansible (22) est thermiquement expansible et contient des microspheres creuses. 

8. Element de construction de renforcement, selon Tune quelconque des revendications prScedentes, dans lequel 
le diamfetre de lament flexible (20) est de 8 k 40 mm et sa longueur de 60 k 200 mm. 

9. Element de construction de renforcement, selon Tune quelconque des revendications pr6cedentes, dans lequel 
la couche (22) encercle et recouvre au moins une section de Peiement flexible. 

10. Element de construction de renforcement, selon Pune quelconque des revendications pr6cedentes dans lequel 
la couche (22) a une epaisseur uniforme de 2 k 8 mm. ' 

1 1 . Element de construction de renforcement, selon la revendication 4, ayant une Epaisseur de paroi de 0,5 k 1 ,2 mm. 

12. Element de construction de renforcement, selon Pune quelconque des revendications precedentes. dans leauel 
lament flexible (20) est realise en metal. H 

13. Element de construction de renforcement, selon la revendication 12, dans lequel le metal est de Palumlnium. 

14. Element de construction de renforcement, selon Pune quelconque des revendications precedentes, qui est essen- 
tiellement reconvert du r6sine expansible (22). 

15. Element de construction de renforcement, selon Pune quelconque des revendications precedentes, dans lequel 
la r6sine expansible (22) est thermiquement expansible et contient, en parties en polds, de 40% k 80% de r6slne 
de 10% k 50% de microspheres, de 0,5% k 5% d'agent gcnflant, de 1% k 15% de mattere de remplissage de 
0,5% k 2% d'acc6l6rateur et de 1 % k 8% d'agent durcisseur. 

16. Element de construction de renforcement, selon Pune quelconque des revendications precedentes, dans lequel 
la r6sine (22) est thermiquement expansible et contient, en parties en poids, 55% de r6slne epoxyde 4% d'agent 
durcisseur dicyandiamide, 0,8% cfacceierateur imidizole, 1 ,1% de silice pyrog6n6e, 1 ,2% d'agent gonflant azodi- 
cartoonamide, 37% de microspheres de verre et 0,9% de mature de remplissage sous forme de carbonate de 
calcium. 

17. Element de construction de renforcement selon I'une quelconque des revendications 1 k 5 ou 7 k 16 dans lequel 
reiement flexible (20) est un tube creux avec un cfiblage eiectrique qui se prolonge dans celuka selon un sens 
longitudinal. 
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18. Element de construction de renforcement, selon Tune quelconque des revendicatlons pr6c6dentes, dans lequel 
la r6sine expansible (22) est une f euille decouple a Pemporte-piece qui est enveloppee autour de P6iement flexible 
ou bien est un revetement qui a 6te mouie sur I'6l6ment flexible (20). 

5 19. Element de constnjction de renforcement, selon Tune quelconque des revendicatlons 1618, dans lequel la resine 
expansible (22) est capable de resister k une temperature d'environ 32°C a 93°C pendant des periodes prolongees 
sans presenter de degradation ou de distorsion qui sort provoquee essentiellement par la chaleur. 

20. Procede de renforcement d'une piece de construction creuse (24) possedant une cavite (26) de geometric lineaire 
10 non rectiligne et au moins un coude (28) avec un renforcement (22) au niveau dudit coude (28), caracterlee en 

ce qu'il comporte les Stapes suivantes : 

introduction d'un element de construction de renforcement (20), selon rune quelconque dee revendicatlons 1 
a 19, dans la cavite (26) de ladite piece de construction creuse (24), 
is flechissement et acheminement de Element de construction de renforcement (20) par la cavite* (26) Jusqu'6 

ce que la resine expansible (12) sort positionnee au niveau du coude (28); et 

expansion de la resine expansible de teile sorte que la resine expansible soit lialsonnee sur ladite piece de 
construction creuse (24) au niveau du coude (28). 

20 21. Procedd de renforcement d'une piece, selon la revendication 20, dans lequel la piece est selectionnee parmi un 
groupe constftue d'un raccord de montant A, d'une armature de siege et d'un arceau de security pour un vehicule 
a moteur. 

22. Procede de renforcement d'une piece, selon la revendication 20 ou 21 , dans lequel Tenement de construction de 
25 renforcement est muni d'un ensemble d'ecartement (36) destine a malntenir une distance entre (Element de cons- 
truction de renforcement et les parois internes de la piece avant l'6tape d'expansion. 

23. Procede de renforcement d'une piece de construction creuse, selon I'une quelconque des revendicatlons 20 k 22 % 
dans lequel I'eiement de construction de renforcement est soumis k une deformation inelastique avant l'6tape 

so ^introduction, la deformation etant telle que I'eiement de construction de renforcement adopte la geom6trie de la 

cavite (26). 

24. Procede de renforcement d'une piece de construction creuse, selon I'une quelconque des revendications 20 k 22 t 
dans lequel r element de construction de renforcement est fa^onne au cours de Petape d'introduction suite au 

35 contact avec la piece de construction creuse (24). 

25. Precede de renforcement d'une piece de construction creuse, selon I'une quelconque des revendications 20 k 24, 
dans lequel Pelement de construction de renforcement est immobilise dans la piece de construction creuse (24) 
avant I'elape d'expansion. 

40 

26. Procede de renforcement d'une piece de construction creuse, selon I'une quelconque des revendications 20 k 25, 
dans lequel II exists une plurality de coudes, et la resine (22) est placee sur plus d'un des coudes. 

27. Proc6d6 de renforcement d'une piece de construction creuse, selon I'une quelconque des revendications 20 k 26, 
45 dans lequel la piece est une piece de vehicule, la resine (22) est thermiquement expansible, et la resine est ex- 
pansee dans un four de peinture de vehlcules pendant une etape d'application de la peinture. 

28. Piece de construction (24) creuse, rigide et renforcee possedant une cavite ailongee (26) de geometric Iin6aire 
non rectiligne et au moins un coude (28), ladite piece de construction creuse etant renforcee au niveau dudit coude 

50 (28) par une resine expansee (22) qui est une mousse structured, expansee jusqu'a ce qu'eile soit en contact 

etroit et en liaisonnement avec ladite piece de construction creuse (24) au niveau du coude (28), ladite piece de 
construction creuse renforcee etant caracterisee en ce qu'un element flexible (20) passe dans te sens longitudinal 
a travers la cavite (26) de ladite piece de construction creuse (24) et la resine expansee (22) au niveau du coude 
(28). 

55 

29. Piece de construction creuse renforcee, selon la revendication 28, dans laquelle ladite piece de construction creuse 
est une piece de vehicule qui est seiectionnee parmi un groupe const it u6 d'un arceau de securite, d'un raccord 
de montant A et d'une armature de siege. 
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30. Pi&ce de construction creuse renforcSe, selon la revendlcation 28 ou 29, dans laqueile ledit Stement flexible (20) 
est creux, et un cdblage Slectrique (23) se prolonge k travers ledit 6l6ment flexible (20) dans un sens longitudinal. . 

31. Pi&ce de construction creuse renforcge, selon la revendlcation 28, 29 ou 30, comprenant au moins un ensemble 
5 cfScartement (36, 38) qui est mont6 autour dudit 6l6ment flexible (20) en un emplacement & Pextdrieur de ladite 

rSsine expansee (22), ledit ensemble d'6cartement possSdant une plurality de pattes (38) s'6tendant vers Pext§- 
rieur dans ladite cavite (26) en contact §Jastique avec une surface interne de ladite pifece de construction creuse 
(24). 
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